Endotracheal tubes are commonly used in critical care medicine to provide a patent and protected airway through which the patient can be mechanically ventilated. Many of these patients will at some point require transfer, whether it is from the prehospital scene to hospital, from one hospital to another or within a hospital.
Accidental extubation and displacement of endotracheal tubes can occur at any time but is more likely during these periods of transport 1 . The incidence of accidental extubation in intensive care patients ranges from 7 to 16% 2 published data regarding the incidence in patients who have required transport. While it is generally perceived to be low, the potential consequences are extremely serious and may result in severe neurologic injury or death. Even if recognised early, reor even impossible, particularly away from the 'safe', controlled environment of the emergency department or intensive care unit. Endotracheal tube movement is also considered to be a major factor in causing airway trauma 3 .
Prevention of endotracheal tube movement therefore is one of the highest priorities whenever transporting an intubated patient. There is convincing evidence that immobilisation of the head is important, 4, 5 . This is despite no change in the position of the tube at the level of the teeth. Other measures that are important are the vigilance of medical staff, adequate sedation tube 2 .
There are numerous methods available to secure endotracheal tubes. The traditional methods are those using cloth tape or adhesive tape with several techniques existing for each 6, 7 . Commercially-made endotracheal tube-holding devices are much less SUMMARY During the transfer of intubated patients, endotracheal tube security is paramount. This study aims to compare two methods of securing an endotracheal tube in adults: tying with a cloth tape versus the Thomas Endotracheal Tube Holder (Laerdal) .
A manikin-based study was performed using paramedics and critical care doctors (consultants and senior trainees) as participants. Each participant was asked to secure an endotracheal tube that had been placed within the trachea of a manikin a total of six times, the first three times using tied cloth tape and the last three times using a Thomas Endotracheal Tube Holder. Following each 'fixation' and after the participant had left the room, the security of the tube was tested by applying a fixed force laterally and to the right by dropping a 1.25 kg weight a distance of 50 cm. The amount of movement of the tube with respect to the teeth was measured and recorded in millimetres.
Two-hundred-and-seventy tube fixations (135 tied vs. 135 tube holder) were performed by 45 participants. The degree of tube movement was significantly higher when the tube was secured with a tie compared with when the tube holder was used (median movement 22 mm vs. 4 mm, P <0.0001).
We have demonstrated that the tube holder device minimised tube movement in a manikin model when compared with conventional tape tying. The use of this device when transporting intubated patients may reduce the risk of tube displacement though further clinical studies are warranted. alternative that is at least equivalent to taping or tying 8 . This recommendation is based on two studies, one which supports the use of a device over a traditional method of using adhesive tape 3 and another which found no difference between methods 9 . We conducted a literature search of Medline and Embase and found only two other studies, both of which support the use of tube holding devices over using adhesive tape 10, 11 .
One of the more common scenarios in which the tube is at risk of accidental dislodgement is when an intubated patient is transferred from one bed or stretcher to another. The breathing circuit tubing can get caught, resulting in a sharp lateral force applied to the endotracheal tube. With this in mind we set out to quantify and compare the effectiveness of a traditional method of securing endotracheal tubes using cloth tape and a commercially available device, in preventing displacement following a lateral force. The Thomas Endotracheal Tube Holder (TETH) (Laerdal AS, Norway) was used as it was readily available.
The primary aim of this study was to compare the amount of endotracheal tube movement resulting tube with either a cloth tape or the TETH device. The null hypothesis was that there would be no difference in the amount of movement between
MATERIALS AND METHODS
The Area Health Service Ethics Committee secretariat approved the study as a quality assurance project.
The participating clinicians consisted of critical care doctors (consultants and senior trainees) and paramedics who regularly work in retrieval medicine, with 15 participants from each clinician type (45 participants in total). Testing was carried out at the two helicopter bases and three emergency departments where the participants worked.
The testing device was constructed using the following materials:
A single adult intubation manikin torso (Laerdal). 12 mm woven cotton cloth tape (Tape India) cut into one metre strips which the participants were instructed to tie in a standardised manner in which the tape was secured around the head of the manikin with a reef knot at the right corner of the mouth (anchor point) and the ends of the tape were then passed around the endotracheal tube which was secured with one reef knot, before being passed back around and secured with a second reef knot. Thomas Endotracheal Tube Holder which is a single use device designed to secure size 6.0 to 9.0 mm endotracheal tubes. Features include a hard plastic 'face' plate with a V shaped slot in which the endotracheal tube sits and is secured by a quick-set screw clamp, an aperture for oral access, a bite block and foam padding on inner surface ( Figure 1 ). It was secured to the head by a 2.5 cm wide Velcro strap. Testing apparatus ( Figure 2 ). The manikin was secured to an anchored wooden board using adjustable straps. A metallic frame was attached to the right side of the board at the level of the head and a small pulley was secured to the midpoint of the frame at a point lateral to the mouth. A 1 m length of 3 mm diameter high tensile, non-stretch cord with a 1.25 kg weight at the distal end was passed through the pulley and attached to the eye of a metal hook. The cord was marked such that the distance from the outside edge of the pulley to the weight was a constant 50 cm. An 8.5 mm cuffed
The Thomas Endotracheal Tube Holder, from in front and above (Velcro strap removed). On the day of testing at each location the equipment was assembled in a separate room out of view of participants. The manikin was intubated by the chief investigator. The testing apparatus (hook, pulley, cord and weight) was unattached and covered with a sheet. The participant entered the room and was instructed to secure the endotracheal tube, using the standardised technique outlined above, at 21 cm with respect to the teeth. The technique was demonstrated to all participants prior to their first attempt. When completed the participant was asked whether he/she was satisfied with the attempt and given the opportunity to re-secure the endotracheal tube. When satisfied they were asked to leave the room. The blue adaptor was removed and the hook attached. The weight was then dropped from the level of the pulley and the amount of movement of the endotracheal tube with respect to the teeth was recorded in millimetres. This procedure was repeated a further two times using the cloth tape and then three times using the TETH. As with the cloth tape, use of the TETH was demonstrated to all participants prior to their first attempt. A new TETH device was used on each occasion. The testing time for each participant was approximately 20 minutes.
The digital force gauge was secured to the head of the manikin and attached to the apparatus. The peak tensile force for each drop was recorded in • Newtons (N) to determine the mean force applied by this simulation.
STATISTICAL ANALYSIS
The amount of tube movement following each application of the lateral force was recorded along with the type of clinician securing the tube. As the resulting data was non-normally distributed, measures of central tendency are quoted as median values. The amount of tube movement was compared between methods, attempt number and clinician types using non-parametric tests: the Mann-Whitney U test for comparison between two groups and the Kruskal-Wallis Test for comparison between more than two groups. A P value of <0.05 was considered the amount of tube movement after securing by tape or TETH. Secondary outcomes were differences in tube movement between clinician types (consultants, trainees and paramedics) and between attempt number (i.e. comparing the amount of movement with As previous studies have suggested that tube displacement of 20 mm or greater should be a failure of endotracheal tube security 10 , we also explored the proportion of 'security failure' with between proportions was done using Fisher's exact test.
As this was a pilot study with no previous information being available regarding expected means or standard deviations, a pre-study power calculation was not possible. The number of participants was based on a feasible convenience sample and was therefore arbitrarily decided upon as 45. 
RESULTS
The carried out with the cloth tape failed (P <0.001). The mean force generated by dropping the 1.25 kg weight 50 cm was 109.3 N (range 90 N to 115 N).
DISCUSSION
In this manikin-based study, we have demonstrated that the TETH device limits endotracheal tube movement following a lateral force far better than traditional cloth tape tying, with an 18 mm difference between the median movements with each technique. There was also a much higher theoretical 'failure' rate with the traditional method.
From our observations during the testing, the superior effectiveness of the device was due to less slippage of the endotracheal tube through the screw clamp and only minimal movement of the body of the device away from the manikin's face when the lateral force was applied. The screw clamp, as well as having a relatively large surface area in contact with the endotracheal tube, appeared to be more easily of the tube. In contrast, the reef knot technique the knot (right over left) can loosen easily and if not corrected before the second half of the knot (left over right) is placed, the endotracheal tube can slip or slide beneath the knot. For similar reasons the reef knot placed as the anchor point would commonly be pulled force was applied. There was also a tendency of the cloth tape to slip to a 'narrower' aspect of the face and/or rotate slightly around the manikin's head leading to laxity in the system. On the other hand the face plate of the device was better secured to the head of the manikin by virtue of the wide Velcro strap and possibly the presence of the bite block.
Another difference between the two methods that was noted during the testing was that the TETH device was easily applied and readily adjusted or removed.
impossible to loosen or readjust and invariably needed to be cut off the endotracheal tube.
By dropping a weight attached to the tube in the manner described, we were able to produce a constant, reproducible force which resulted in a sudden tug that simulated 'snagging' of the tubing in a clinical situation. The magnitude of forces that endotracheal tubes are subjected to in day-to-day situations is not known, but previous research by Patel et al 6 has demonstrated that the force required to pull out a secured tube by hand ranges between 20 N and 242 N. The mean force of 109.3 N generated by the technique used in our study was well within the range described by Patel and as such represents a clinically relevant test of tube security.
The two studies referred to in The American Heart Association Guidelines 2005 8 enrolled intubated intensive care patients and looked at the amount of endotracheal tube movement occurring over a variable number of days when different methods of tape to one particular device (SecureEasy) and found compared to tape over the four day period after each intubated patient was enrolled 3 . Levy et al compared adhesive tape, cloth tape and a different device methods for endotracheal tube movement 9 . Two other studies of interest were found in the literature. The adhesive tape with three different endotracheal tube SecureEasy device proved to be the most secure of the four methods with the fewest unplanned extubations 10 . The second, conducted by the Israeli Defence Force, compared their standard method of tape and bandages with the Thomas Endotracheal Tube Holder in manikins. They found the TETH was able compared to their standard method, however the assessment of tube security was only a qualitative one 11 . Direct comparison between these four studies and and all but the last study used different methods to secure the endotracheal tube. It is interesting to note however that the SecureEasy device shares design features similar to that of the TETH, i.e. a padded face plate, a bite block, tube holding mechanism and non-elastic head strap.
Limitations
We purposely limited our study to evaluate only a set force applied in a right lateral direction. Because sudden pulls along several axes in a variety of directions can occur depending on the clinical situation, further studies are required to look at forces applied along different directions (left lateral and longitudinal directions). Difference in tube security should also be tested over a range of forces. Both of these could be readily tested using the apparatus designed by varying the position of the frame and size/distance dropped of the weight using a digital force gauge to calibrate.
A manikin used for the teaching of intubation skills was employed with the main advantage being that it closely simulates the size, shape and contours of an adult human, allowing the participants to secure the endotracheal tube in a realistic setting. The manikin was also portable and resilient enough to allow multiple testings. We postulated that the softer/pliable tissue of an adult human is likely to lead to a greater degree of tube movement than in the relatively rigid manikin model for two reasons. First, on the side opposite to the force being applied, the soft tissues would allow a degree of compression/indentation to occur resulting in a greater degree of movement of the endotracheal tube itself. And second, pressure effects on the skin of the face or compression of jugular vein do place a degree of limitation on how tightly the cloth tape can be secured to the head of a patient in a real clinical situation. This is not evident would otherwise be clinically acceptable. Although we did not formally test this, both of these issues are less likely to affect the TETH device due to the large surface area of the wide Velcro strap and padded face plate and thus our results may under-report the actual difference between the two techniques. A further limitation is that the manikin model represents an ideal situation with a clean, dry face with no saliva, blood etc which are not uncommonly present in reality. Ideally, further evaluation is needed in the real clinical setting to examine the possible effect of these variables, however it is unlikely that a similar study in intubated human subjects would be considered ethical research.
Anaesthesia and Intensive Care, Vol. 35, No. 5, October 2007 We acknowledge there are a number of ways to secure an endotracheal tube using cloth tape, however we felt it important to standardise the method used in the study so as to allow a meaningful comparison to the TETH device to be made. One disadvantage in doing this being that some of the participants were not familiar with the method, which may have led them to secure the tube less the opportunity was given after each attempt to redo number suggesting that this was not a major problem. It is possible that other techniques of tying the cloth tape may result in greater security.
CONCLUSION
In this manikin simulation model, the TETH device traditional method of tying with cloth tape. The use of this device when transporting intubated patients may reduce the risk of endotracheal tube displacement.
practice.
